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Abstract 
The pelagic iliate communities from 58 north German lakes differing in their origin (natural 
lakes and artificial ponds), morphology (from shallow ponds with a maximum depth of below 
0.5 m to relatively deep lakes with a maximum depth of more than 10 m, surface areas from 
below 10 ha to more than 100 ha), trophic state (from mesotrophic tohypertrophic) and salinity 
(freshwater lakes and brackish water lakes) are described and compared at species level. Each 
lake was comprehensively sampled quarterly in the years 1996 and 1997, respectively. Apply- 
ing a quantitative protargol stain, about 140 ciliate species could be identified and quantified in 
all investigated lakes. 35 species, mainly members of the Prostomatida and Oligotrichida, were 
found commonly in all types of lakes at all seasons and dominated the pelagic iliate communi- 
ties. 3 species were common in freshwaters, but never occurred in brackish lakes. In the 
brackish waters a mixture of common freshwater species and marine species was found with 13 
species exclusively occurring in brackish waters. Lowest ciliate cell numbers were observed for 
deep freshwater lakes, highest cell numbers were determined for brackish waters. Highest spe- 
cies richness was found in artificial peat ponds with an average of 24 pelagic iliate species in 
spring samples. The range of occurrence for the identified species was wide for most common 
species. However, the influence of some environmental f ctors could be enlightened. 
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Introduction 
The role of protozoa s major links in matter and energy 
fluxes within pelagic ecosystems has been illuminated 
by various studies in the last years. Protozoa re known 
to be an important food source for metazoa (e.g. WHSSE 
1991; SANDERS & WICKHAM 1993) and effectively trans- 
fer picoplanktonic production to higher trophic levels 
(e.g. FENCHEL 1987; SHERR & SrIER~ 1988, D~ETRICH & 
ARNDT 2000). They can feed on bacteria, auto- and he- 
terotrophic pico- and nanoplarlkton (e.g. POkTER et al. 
1985; HALL et al. 1993; S~MEK et al. 1995) and provide 
dissolved organic material (DOM) as nutrients to bacte- 
ria. Different trophic levels can even be influenced 
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simultaneously b  omnivorous feeding activities in cer- 
tain protozoan groups (PFISTER & ARNDT 1998). 
Rapid growth, high turnover rates and short generati- 
on times allow protozoan communities to respond im- 
mediately to changing environmental conditions. Hence, 
many protozoan species can be highly valuable bioindi- 
cators in water quality analyses (e.g. SLADE~EK 1973; 
FOISSNER 1988; BERGER et al. 1997). 
An exact determination fprotozoan species is there- 
fore essentially required in sound ecological studies. 
Most investigations on the ecology of pelagic protozoan 
communities, however, do lack of a satisfactory taxono- 
mic resolution, and surprisingly few of such studies pro- 
vide detailed taxonomic information (e.g. LEAKEY et al. 
1993; SIMEK et al. 1995; CARRIAS et al. 1998; MONTA- 
ONES et al. 1999; AUER & ARNDT 2001). In addition, 
comprehensive studies are commonly restricted to only 
one investigation site (e.g. MOLLER 1989; BERNINGER et 
al. 1993; CARRIAS et al. 1998). Hence, the influence of 
different habitats on pelagic protozoan communities i
poorly investigated (e.g. BEAVER et al. 1988; BEAVER & 
CRISMAN 1982, 1989). 
In the present study, we had the opportunity to inve- 
stigate the pelagic ciliate communities of 58 north Ger- 
man lakes with respects to both taxonomic and ecologi- 
cal demands. Ciliate analysis was accompanied by a 
comprehensive investigation of physical, chemical and 
other biotic parameters. A general paper concerning the 
relative importance of pelagic iliates in the investigated 
systems has already been published (PFISTER et al. 
2002). 
The present work deals with the distribution of certain 
ciliate species and groups in different environments and 
presents a detailed list of ciliate species found in the 
investigated lakes. Special emphasis was put on wether 
differences regarding abundance, biomass, species com- 
position and seasonality within pelagic iliate communi- 
ties occurred in the different types of investigated 
waters. 
Material and Methods 
Investigation sites 
A total of 58 lakes in the north-eastern German state 
Mecklenburg-Vorpommern wasinvestigated in the years 
1996 and 1997 (Table 1, Fig. 1). The lakes were chosen 
by the Landesamt Mecklenburg-Vorpommern to repre- 
sent the most common types of waters in that region. 
The surface area of the investigated lakes ranged from 
1.0 to 553 ha, the largest and best known being Gothen- 
see near Heringsdorf (553 ha), Schmollensee near Benz 
(500 ha) and Usedomer See on the island of Usedom 
(400 ha). All lakes are geologically oung water bodies 
Fig. 1. Map of the study area in Mecklenburg-Vorpommern with the positions of the investigated lakes marked by open circles (from AUER & 
ARNDT 2001)i 
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of about 7,000 to 20,000 years of age. They are situated 
within a post-glacial moraine landscape surrounding 
cities like Stralsund, Bad Stilze, Malchin, Anklam, 
Greifswald and Bergen, and originate mainly from 
erosion processes (MARCINEK 1966, 1987; MATHES & 
ARNDT 1994; MATHES 1995/96). The investigated lakes 
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differ with respect to their origin (natural lakes and arti- 
ficial peat ponds), morphology (maximum depth: 
0.3-17.8 m), salinity (conductivity: 89-14,700 laS cm -1) 
and trophic state (Ptot: 0.02-11.66 mg 1-1). The lakes 
were grouped regarding trophic state, using total phos- 
phorus values (mesotrophic: 0.02-0.075 mg Ptot 1-1, 
Table 1. Environmental parameters, total ciliate abundance and identified ciliate species numbers for different ypes of lakes 
in Mecklenburg-Vorpommern (mean values). 
SAMPLING PERIOD 
Spring Early summer Late summer Autumn Average 
SHALLOW & FRESHWATER 
max. depth (m) 1.4 1.6 1.7 1.6 1.6 
Secchi-depth (m) 0.6 0.6 0.5 0.6 0.6 
chlorophyll (mg 1-1) 72,0 19.0 52.9 94.1 63.4 
conductivity (uS cm -~) 1180 1457 1449 1467 1384 
Ptot (mg 1-1) 0.345 0.250 0.379 1.282 0.596 
total ciliates (cells 1-1) 136254 41754 114153 70054 93342 
ciliate species number 16 13 15 20 16 
DEEP & FRESHWATER 
max. depth (m) 10.2 9.6 10.2 10.3 10.1 
Secchi-depth (m) 1.6 2.1 2.1 2.3 2.0 
chlorophyll (mg 1-1) 47.4 13.9 42.6 25.0 33.0 
conductivity (pS cm 1) 410 402 391 334 383 
Ptot (mg I 1) 0.277 0.090 0.127 0.270 0.193 
total ciliates (cells 1-1) 43520 45089 34040 20023 35365 
ciliate species number 15 14 15 15 15 
BRACKISH 
max. depth (m) 0.5 0.6 0.6 0.5 0.5 
Secchi-depth (m) 0.2 0.4 0.4 0.5 0.4 
chlorophyll (mg I -~) 33.9 80.9 34.1 37.3 44.4 
conductivity (uS cm -~) 8131 7442 11618 13083 9969 
Ptot (mg 1-1) 0.814 1.081 0.409 0.649 0.729 
total ciliates (cells 1-1) 117234 263213 187484 217090 187419 
ciliate species number 17 13 18 12 15 
PEAT PONDS 
max. depth (m) 1.1 1.1 1.0 1.0 1.1 
Secchi-depth (m) 0.6 0.6 0.3 0.5 0.5 
chlorophyll (rag I -~) 64.2 74.9 84.4 49.7 66.5 
conductivity (pS cm -1) 461 512 481 508 489 
P~ot (rag I -~) 0.169 0.209 0.203 0.231 0.203 
total cJliates (cells 1-1) 147845 107590 148577 168262 147215 
ciliate species number 24 15 19 22 21 
NOT SPECIFIED 
max. depth (m) 2.8 3.2 3.2 2.8 3.0 
Secchi-depth (m) 0.9 1.0 0.8 0.8 0.8 
chlorophyll (rag I-1) 87.2 40.2 73.4 58.7 69.5 
conductivity (uS cm ~) 785 839 847 781 810 
Ptot (rag 1-1) 0.414 0.209 0.312 0.369 0.339 
total ciliates (cells 1-1) 119524 105004 78049 69180 93757 
ciliate species number 18 13 16 16 16 
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eutrophic: 0.075-0.75 mg Ptot 1-1, hypertrophic: > 0.75 
mg Ptot l-l) • Different lake types were separated using the 
following characters: hallow & freshwater: < 3 m depth 
(11 lakes), deep & freshwater: >5 m depth (13 lakes), 
brackish: > 6000 btS cm -1 (5 lakes), peat ponds (10 
lakes). 19 lakes did not clearly fit to any of these groups 
and are listed as "not specified" in Tables 1 and 2. Over- 
all, most of the investigated lakes represented nutrient 
rich, small (< 20 ha) and shallow (< 5 m depth) freshwa- 
ter systems. A summary of the main characters for diffe- 
rent types of lakes is given in Table 1. 
Sample analysis 
To reduce the effect of patchiness, five replicate samples 
from the epilimnium (0 m to 1 m) obtained with a 2-1itre 
Schindler/Patalas-sampler (Limnos) were mixed to- 
gether before taking subsamples. Each lake was sampled 
during daytime at its deepest point quarterly in April/ 
May (spring), June (early summer), August (summer) 
and October (autumn) in the years 1996 and 1997, res- 
pectively. Secchi-depth, temperature, oxygen and con- 
ductivity were measured with appropriate sensors 
(WTW, Germany) at 1 m intervals. All chemical para- 
meters were measured by means of standard methods in 
the laboratory (Deutsche Einheitsverfahren 1992). 
All samples were quantitatively protargol stained 
[QPS according to SKmBE (1994)]. For a detailed me- 
thod description and efficiency test see PFISTER et al. 
(1999). Both ciliate quantification a d identification was 
performed on the QPS preparations. Identification and 
taxonomic nomenclature of all species is based on the 
most recent available literature (MAEDA & CAREY 1985; 
MAEDA 1986; SONG & WmBERT 1989; KRAINER & FOISS- 
NER 1990; FOISSNER et al. 1991, 1992, 1994, 1995, 1999; 
KRAINER 1995; KRAINER & M~LLER 1995; FO~SSNEt~ & 
PFISTER 1997). Values for mean live biomass of most ci- 
liate species were taken from FOISSNER & BERGER 
(1996). Specific biomass of species not given in that 
work was calculated by approximations to simple geo- 
metric shapes. Biomass, as a common denominator, was 
chosen in order to facilitate quantitative comparisons. 
Shrinkage of cells due to the QPS was considered and 
corrected by specific onversion factors for biomass ca- 
lulations (cf. PFISTER et al. 1999). 
For statistical nalysis of data, the Statistica 5.1 (Stat- 
Soft) and the SigmaStat 1.0 (Jandel) software packages 
for Windows were used. Significant differences in two 
sets of data were assumed at p < 0.05. Linear egressions 
were calculated on both original and logarithmically 
transformed data to show an eventual correlation of 
chlorophyll a concentrations against total ciliate abun- 
dance. Mean chlorophyll values and ciliate numbers of 
the sampled seasons were selected for these analyses. 
Results 
Correlation between chlorophyll concentration and 
total ciliate abundance 
Ciliate abundance increased with increasing chlorophyll 
concentration (Figs. 2 and 3). However only a weak cor- 
relation (R 2 = 0.12) was found when including all diffe- 
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Fig. 2. Correlation between chlorophyll a concentration and total ciliate abundance in the investigated lakes approximated by linear regressi- 
o on (dotted lines indicate 95 Yo confidence intervals). Mean values _+ SD. 
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dance in different types of lakes. Note logarithmically transformed data. 
rent types of lakes (Fig. 2). In addition, high standard e- 
viations of the data were observed, resulting from high 
seasonal variations in ciliate abundance even in the same 
lake. Overall, lowest ciliate numbers were found to- 
gether with low chlorophyll concentrations. Mean ciliate 
numbers of about 10000 cells 1-1 corresponded almost 
exclusively with chlorophyll concentrations below 
20 mg 1-1. Such low values appeared in deep freshwater 
lakes (Fig. 3). Highest ciliate numbers were observed 
within the range of about 100 mg chlorophyll a 1 -l and 
occurred in brackish waters and peat ponds (Fig. 3). 
A significant positive correlation of chlorophyll a 
against ciliate numbers was found for brackish waters, 
deep freshwaters and peat ponds after separating diffe- 
rent types of lakes (Fig. 3). The strongest positive corre- 
lation was observed for brackish waters (R 2 = 0.98), 
whereas for the "not specified" lakes almost no correla- 
tion was found (R 2 = 0.17). 
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Species list and distribution of certain species 
About 140 pelagic ciliate species could be identified in 
the investigated lakes (Table 2). Out of these, 31 species 
were found only in single samples. 35 species were com- 
mon, meaning that they were present at all four seasons 
in all investigated types of lakes. These "main species" 
were principally prostomatids (Balanion planctonicum, 
Coleps hirtus, C. spetai, Urotricha agilis, U. apsheroni- 
ca, U. castalia, U. farcta, Urotricha spp.) and oligotrichs 
(Halteria grandinella, Pelagostrombidium fallax, P. mi- 
rabile, Rimostrombidium brachykinetum, R. humile, R. 
hyalinum, R. lacustris, Strombidium viride, Tintinnidium 
fluviatile, Tintinnopsis cylindrata). Other common spe- 
cies were gymnostomatids (Askenasia cf. volvox, Asken- 
asia chlorelligera, Didinium nasutum, Enchelys gastero- 
steus, Lagynophrya cuminata, Mesodinium spp., Mon- 
odinium balbianii), hymenostomatids (Cinetochilum 
margaritaceum, Cyclidium cf. glaucoma, Uronema ni- 
gricans), peritrichs (Vorticella natans, V. cf. aquadulcis, 
unidentified peritrich swarmers), the colpodid species 
Cyrtolophosis mucicola and the cyrtophorid Phascolo- 
don vorticella. 13 species were found in brackish waters 
exclusively ( ChiIodonella uncinata, Enchelys implex, 
Euplotes patella, Frontonia sp., Glaucoma scintillans, 
Limnostrombidium pelagoviride, Litonotus crystallinus, 
L. mononucleatus, Pseudochilodonopsis fluviatilis, 
Strombidium cf. oculatum, Trachelophyllum clavatum, 
Trochilia cf minuta, and Urotricha baltica). In contrast, 
some common freshwater species (CodoneIla cratera, 
Halteria chIorelligera, and Tintinnidium fluviatile) were 
not found in these systems. Euplotes aedicuIatus, 
E. moebiusi and Strombidium conicum were almost 
exclusively found in brackish waters (Table 2). 
Composition and dynamics of ciliate communities 
in different systems 
Total ciliate abundance, species richness and biomass 
was highest in spring and autumn at all trophic levels 
found within this study. Eutrophic lakes showed higher 
cell numbers and species numbers than mesotrophic and 
hypertrophic waters (Fig. 4). The portion of total ciliate 
biomass compared to metazooplankton biomass increa- 
sed from deep to shallow freshwaters, and to peat ponds. 
Highest otal zooplankton biomass with a simultaneous 
high portion of ciliates was determined for brackish sy- 
stems (cf. PFISTER et al. 2002). 
Total ciliate numbers were significantly highest 
(p < 0.05) in brackish lakes with a mean maximum value 
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Fig. 5. Common pelagic ciliate community in freshwater lakes, a) Coleps spetai, b) Urotricha farcta, ¢) Urotricha apsheronica, d) Balanion 
planctonicum, e) Urotricha agilis, f) Coleps hirtus, g) Urotricha matthesi, h) Monodinium balbiani, i) Lagynophrya acuminata, j) Askenasia vol- 
vox, k) Askenasia chlorelligera, I) Mesodinium pulex, m) Didinium nasutum, n) Cyrtolophosis mucicola, o) Cyclidium glaucoma, p) Uronema 
nigricans, q) Cinetochilum margaritaceum, r) 5trombidium viride, s) Rimostrombidium lacustris, t) Tindnnidium fluviatile, u) Halteria grandi- 
nella, v) Codonella cratera, w) Halteria chlorelligera, x) Rimostrombidium hyalinum, y) Rimostrombidium humile, z) Pelagostrombidium fallax, 
aa) Rimostrombidium brachykinetum, ab) Pelagostrombidium mirabile, ac) Phascolodon vorticella, d) Vorticella natans. 
a -from FOISSNER (1984); b, e, f, h -from KAHL (1930); d -  from FOISSNER et al. (1990); c, g -  from FOISSNER & PFISTER (1997); i, m -from FOISSNER 
et al. (1995), j, k - from KRAINER & FOISSNER (1990); I -from PENARD (1922); n, o, p, q, ac - from KAHL (1931); r, u, w -from FOISSNER et al. (1991); 
s - from FOISSNER et al. (1988); t, y - from KAHL (1932); V-  from NIE (1933); x -  from MIRABDULLAEV (1985); Z, ab - from KRAINER (1991); aa -from 
KRAINER (1995); ad - modified from SRAMEK-HUSEK (1948). Scale bar division = 20 pro. 
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of about 260 cells m1-1 in early summer. Significantly lo- 
west (p < 0.05) ciliate abundance was observed in deep 
freshwater lakes. Only about 20 ciliates m1-1 were found 
in these systems in autumn (Table 1). 
The investigated freshwater systems were characteri- 
sed by a similar composition of their pelagic iliate com- 
munities (Fig. 5). Dominant species were chiefly prosto- 
matids and oligotrichs, composing a pelagic iliate com- 
munity described for many freshwater systems (Oligotri- 
chetea, FOISSNER & BERGER 1996). Especially in summer 
and autumn, prostomatid and oligotrich species built up 
about 80% of the total ciliate biomass in most investiga- 
ted freshwater systems (Figs. 6 and 7). A similar high im- 
portance of other ciliate groups was found in spring sam- 
ples only. Especially large heterotrichs (Spirostomum 
spp. and Stentor spp.) and hypotrichs (Aspidisca spp., 
Oxytricha spp. and Stylonychia spp.) as well as peritrichs 
(Vorticella spp. and unidentified swarmers) contributed 
considerably to ciliate biomass in that season (Table 2, 
Figs. 6 and 7). A high taxonomic diversity within the pe- 
lagic ciliate communities was observed for brackish wa- 
ters. A mixture of common freshwater and exclusively 
marine species created a diverse composition of biomass 
in these waters (Figs. 6 and 8). However, this diversity 
breaks down in autumn when about 75% of ciliate bio- 
mass were oligotrichs, the rest almost exclusively being 
gymnostomatids (Fig. 6). Highest axonomic diversity, 
i.e. significantly highest mean ciliate species numbers 
per lake (p < 0.05), was found for peat ponds (Table 1). 
In addition to the type of lake, the trophic state of the in- 
vestigated lake influenced the composition of the pelagic 
ciliate communities. Eutrophic lakes generally showed the 
most diverse ciliate communities atall investigated seaso- 
ns. Oligotrich and peritrich species dominated in mesotro- 
phic lakes during spring and summer. Prostomatids and 
hymenostomatids became dominant in autumn (Fig. 7). At 
hypertrophic conditions, oligotrichs, peritrichs, hypotrichs 
and heterotrichs were dominant in spring and early sum- 
mer. Prostomatid species gained importance during late 
summer and autumn in these lakes (Fig. 7). 
Ecological preferences and occurrence 
of common ciliate species 
Table 3 summarises the range of occurrence for all ciliate 
species found in more than three samples with respects to 
some major environmental parameters. Most of the do- 
minant species howed a wide range of tolerance regar- 
ding the analysed physical and chemical environmental 
conditions. 
• Temperature 
Practically all species were found at mean temperatures 
of about 14 °C to 16 °C, but also could tolerate very cold 
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and warm conditions (Table 3). However, some species 
were found mainly in summer at temperatures above 
10 °C (e.g. Epistylis procumbens, Glaucoma scintillans, 
Hastatella radians, HoIophrya discolor, H. ovum, Tri- 
thigmostoma cucculus, U. pelagica). In contrast, some 
species were preferably found at low temperatures, na- 
mely below 20 °C (e.g. Euplotes moebiusi, E. patella, 
Phialina sp., Pleuronema crassum, Trithigmostoma sra- 
meki, Urotricha matthesi). 
• Oxygen and pH 
Most species howed a similar and relatively wide range 
of distribution with respect to oxygen and pH. However, 
only three species were found at very low oxygen con- 
centrations below 1 mg 1-1 (HaIteria chlorelligera, H. 
grandinella nd peritrich swarmers) and only a few spe- 
cies could be found at pH values above 10 (e.g. Coleps 
spetai, Halteria grandinella, Mesodinium spp., Vorticel- 
la cf. aquadulcis, naked amoebae). 
• Nitrogen (NH4) 
High concentrations of NH 4 were found to significantly 
(p < 0.05) restrict he occurrence of many ciliate species. 
Even such common species as Askenasia chlorelIigera, 
Balanion planctonicum, Cyclidium sp. and Urotricha 
spp. were absent at NH4-concentrations above 0.1 mg 1 1. 
• Phosphorus 
Almost all species howed a wide range of occurrence 
with regards to total phosphorus concentrations. Whe- 
reas we could not observe ciliate species which were re- 
stricted to the investigated minimum phosphorus con- 
centrations, the occurrence of some species at high mean 
phosphorus values (> 1 mg 1-1) demonstrates their prefe- 
rence of nutrient-rich environments (e.g. Aspidisca cica- 
da, Holophrya discolor, H. ovum, Enchelyodon elegans, 
Oxytricha setigera, Pelagohalteria cirrifera). 
• Chlorophyll 
Low chlorophyll values, i. e. low concentrations of pela- 
gic algae, restricted the occurrence of certain species in 
the investigated lakes. Especially omnivorous and algi- 
vorous species were not found at low chlorophyll values 
below 10 mg 1-1 (e.g. Holophrya discolor, H. ovum, Lino- 
stoma vorticella, Loxodes triatus, Phascolodon vorti- 
cella, Trithigmostoma cucculus, T. srameki, Urotricha 
furcata, U. ovata). Overall, total ciliate abundance dis- 
played a significant (p < 0.05) positive correlation 
against chlorophyll a concentrations in certain lakes (cf. 
Figs. 2 and 3). That significantly positive correlation was 
especially true for freshwater lakes deeper than 5 m, the 
investigated artificial peat ponds and brackish waters. 
• Conductivity 
A significant (p < 0.05) influence of the conductivity on 
the ciliate community of the respective lake was obser- 
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ved. 26 species were not found in brackish waters at a 
conductivity above 6000 ~S cm -1 (cf. above and Table 
2). Interestingly, even some very common and widely 
distributed species did not occur at brackish conditions 
(e.g. Codonella cratera, Halteria chlorelligera, Tintin- 
nidiumfluviatile). In contrast, species known from mari- 
ne environments preferably occurred in lakes of high 
conductivity (e.g. Euplotes patella, Glaucoma scintil- 
Ians, Strombidium conicum). 
Discussion 
In this work, data obtained from a comprehensive study 
on different brackish and freshwater systems were pre- 
sented, giving an estimate of common pelagic ciliate 
communities in mesotrophic, eutrophic and hypertro- 
phic temperate waters in general. Although no oligotro- 
phic and deep lakes were included in our study, the envi- 
ronmental differences inthe investigated lakes were suf- 
ficient o result in significantly different ciliate commu- 
nities within the analysed types of waters. We are well 
aware, however, that some only slight differences we 
found in the present study, could have been much more 
pronounced, if we had included oligotrophic and deep 
lakes as well. Hence, future investigations should cer- 
tainly focus on a broader spectrum of lake trophy and 
morphology, as well as a comparison with lakes from 
other geographical regions - a task we could unfortuna- 
tely not consider within the present study. 
Methodological considerations 
The pelagic iliate communities ofall lakes were analy- 
sed by means of a quantitative protargol stain (QPS), 
which is a compromise combining both taxonomic and 
ecological demands. The method has been evaluated in
detail previously for both marine and freshwater systems 
(MONTAGNES ~; LYNN 1987; JEROME et al. 1993; SKIBBE 
1994; KEPNER et al. 1999; PFISTER et al. 1999). These 
authors clearly demonstrated the reliability of quantitati- 
ve data obtained by the QPS. Further, the QPS preparati- 
ons have been shown to fulfil most axonomic demands. 
A major drawback of the method is, however, the spe- 
cies-specific shrinkage of ciliate cells due to fixation and 
staining procedure (cf. JEROME et al. 1993; PFISTER et al. 
1999). Hence, in the present study ciliate biomass was 
calculated from literature data whenever possible. For 
some - mainly rare - species, no biomass data could be 
found and had to be calculated from the QPS preparati- 
ons. In that case, shrinkage of cells was considered and 
corrected by an appropriate conversion factor of 0.2 to 
0.38 (PF~sTER et al. 1999). 
It is obvious, that he application of one method oes 
not provide all desired information concerning the taxo- 
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nomy of ciliates. A variety of different observation tech- 
niques and staining procedures i  known. These include 
live observation, vital staining techniques and different 
silver staining protocols (revised in FO~SSNER 1991). 
Every method shows different taxonomically important 
cell-structures and requires experience, xpensive che- 
micals and time. However, none of these taxonomic me- 
thods provides reliable quantitative data. Consequently, 
it is not possible to apply all of these methods in an ex- 
tensive and quantitative study like the present one. Most 
of the investigated lakes are quite isolated and far from 
any laboratory which would allow immediate live obser- 
vations. A survey of actual dimensions required aquick 
and stable routine method combining both taxonomic 
and quantitative purposes. The QPS fulfilled these de- 
mands and was therefore selected as the method of choi- 
ce. In most cases ciliates could be identified at species 
level, some species could only be identified to higher ta- 
xonomic levels (cf. Tables 2 and 3). Overall, a species 
list for such a large and comprehensive study cannot be 
complete. However, ageneral impression of the pelagic 
ciliate communities in different lakes as well as detailed 
information on most species was possible. 
For the chlorophyll-abundance regressions mean va- 
lues from the four sampled seasons were calculated. We 
are well aware about a considerable source of error when 
calculating an "annual mean" from only four sampled 
seasons. However, it is an attempt to gain comparability 
of the recent data with often cited literature data (BEA- 
VER et al. 1988; BEAVER & CRISMAN 1989). 
Abundance and composition of ciliates in different 
aquatic systems 
Ciliate densities were within the range reported for com- 
parable systems (e.g. BEAVER & CRISMAN, 1982; MATHES 
& ARNDT 1994; SCH~)NBERGER 1994; PFISTER 1997). Lo- 
west ciliate numbers (annual mean of 35 000 cells 1 -l) in 
deep freshwater lakes and highest ciliate numbers (an- 
nual mean of 187 500 cells 1 1) in brackish waters fall to- 
gether with lowest and highest total phosphorus concen- 
trations, respectively (cf. Table 1). These data indicate an 
increase of ciliate densities with increasing trophic state, 
which is in agreement with other studies (e.g. BEAVER & 
CPdSMAN 1982; MATHES & ARNDT 1994). 
The data correlating chlorophyll a concentrations to 
total ciliate numbers contribute to that hypothesis. For 
most investigated lakes a clear increase of ciliate abun- 
dance with increasing chlorophyll concentration could 
be found, corresponding to results from earlier studies 
(BEAVER et al. 1988; BEAVER & CRISMAN 1989). Howe- 
ver, the correlation was only marginal when all types 
of lakes were included, but significant for certain types 
of lakes such as brackish waters, peat ponds and deep 
freshwater lakes. Hence, the abundance of pelagic ci- 
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liates obviously is a function of environmental chloro- 
phyll concentration, but this correlation seems to be 
considerably interfered by the type of lake. Anyway, 
we have to admit here, that we found only weak corre- 
lations between ciliate abundance and chlorophyll in 
most of the investigated lakes. Besides, we had no oli- 
gotrophic or deep lakes included in this study, what 
may well restrict our findings to relative small, shallow 
and nutrient-rich aquatic systems imilar to the ones 
included in this study. However, chlorophyll a as a 
common denominator for predicting ciliate abundance 
in ecological models hould be considered with some 
caution when data originate from different ypes of 
lakes. Besides, many of these models consider chloro- 
phyll as a measure for available (algae-) food source 
for ciliates, assuming that most species are algivores. 
The present data rather show that chlorophyll seems to 
be not the only denominator fciliate food sources, in- 
dicated by the relatively weak correlation in certain 
aquatic systems. In shallow lakes like many of the 
lakes from this study, interfering processes between 
the water column and the sediment could influence the 
chlorophyll-abundance correlation by exchange of 
biomass within these normally separated systems (e.g. 
GARSTECKI et al. 2000). In fact, in some very shallow 
lakes in our study, we occasionally found common 
benthic iliate species in the samples from the water 
column (e.g. Litonotus pp., Stichotricha spp., Trache- 
liophyIlum apiculatum, or some unspecified amoebae). 
Such interactions between the bethos and the pelagial 
are obviously rather common in many of the shallow, 
wind-exposed lakes included in our study, and it is ob- 
vious, that our "plankton"-samples were very likely in- 
filtrated by some benthic species at certain sampling 
occasions. In other lakes, a majority of ciliate species 
could feed on bacteria or heterotrophic protozoa. Such 
communities would possibly react numerically inde- 
pendent from actual chlorophyll values. Grazing pres- 
sure from metazoans could additionally interfere with 
a simple chlorophyll-abundance correlation. As an ex- 
ample, at highest ciliate densities in the investigated 
brackish waters, only moderate chlorophyll concentra- 
tions could be found. Here, the high ciliate numbers 
could be the result of lacking grazing pressure of cla- 
docerans, a zooplankton component absent from these 
lakes (cf. PFISTER et al. 2002). Highest species num- 
bers of pelagic ciliates were observed in the artificial 
peat ponds. In these lakes, high biomass and diversity 
of algae may provide excellent nutritional conditions 
for many ciliate species and therefore allow them to 
co-exist. In all investigated lakes, ciliate numbers, bio- 
mass and species richness was highest in spring and 
autumn. Low ciliate numbers during summer could be 
caused by a combination ofmetazoan feeding pressure 
and competition for the available food, especially seen 
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Fig. 8. Common pelagic ciliate community in brackish water lakes, a) Balanion p/anctonicum, b) Co/eps spetai, c) Co/eps hirtus, d) Didinium 
nasutum, e) Monodinium balbianii, f) Mesodinium pu/ex, g) Cinetochilum argaritaceum, h) Cycfidium glaucoma, i) 5laucoma sdntillans, 
j) Euplotes moebiusi, k) Rimostrombidium hyafinum, I) 5trombidium viride, m) Halteria grandinella, n) Rimostrombidium brachykinetum, 
o) 5trombidium conicum. 
a - from FOISSNER et al. (1990); b - from FOISSNER (1984), C, e - from KAHL (1930); d -from FOISSNER et al. (1995); f - from PENARD (1922); 
g, h - from KAHL (1931); i - from LIEBMANN (1962); j - from KAHL (1932); k - from MIRABDULLAEV (1985); I, m - from FOISSNER et al. (1991 ); 
n - from KRAINER (1995); o -from MAEDA & CARFY (1985), Scale bar division = 20 lJm. 
in eutrophic and hypertrophic systems (cf. PFISTER et al. 
2002). 
The pelagic ciliate communities were similar in all in- 
vestigated freshwater lakes, meaning that the same 
"main species" composed a large portion of the ciliate 
biomass. As already mentioned before, we had no oli- 
gotrophic and deep lakes included in this study. For such 
systems, we might well have found more distinct diffe- 
rences in the ciliate communities. However, many of the 
common species in our study - mainly prostomatids, oli- 
gotrichs and small hymenostomes - have been recorded 
as major ciliates from numerous freshwater lakes in Eu- 
rope and America (e.g. BEAVER & CRISMAN 1982, 1989; 
MULLER 1989; LAYBOURN-FARRY ~; ROGERSON 1993; 
MACEK et al. 1996; CARRIAS et al. 1998). Additional re- 
cords from Russia (ALEKPEROV 1984; OLEKSIV 1985) 
and China (PAI KAO-TUNG 1962) demonstrate the world- 
wide distribution of these species. Many of them have 
also been found in extreme habitats like caves (GRIEPEN- 
BURG 1933; GITTLESON & HOOVER 1969) or the air-water 
interface of high mountain lakes (FoISSNER 1979). 
Hence, these species are true "generalists", obviously to- 
lerating awide range of environmental conditions. Con- 
sequently, their widespread occurrence in the investiga- 
ted lakes is not surprising. 
Clear differences of the pelagic ciliate communities 
within the investigated aquatic systems were found for 
freshwater and brackish water lakes, respectively. Most 
of the common freshwater species were found also in 
brackish waters where they were accompanied bya con- 
siderable portion of marine species (Table 2, Figs. 5 
and 8). Hence, in brackish waters a mixed and diverse 
community of freshwater ciliates and marine species 
was present (Fig. 8). In contrast, marine species were 
never found in freshwater systems. These findings could 
indicate, that many freshwater ciliates can tolerate hig- 
her salinity values whereas the occurrence of marine 
species is obviously restricted by a low salinity. 
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Occurrence and ecological preferences 
of certain species 
The ecological preferences of most common ciliate spe- 
cies seem to be broad and the distribution of many com- 
mon species over a wide range of physical and chemical 
environmental parameters has already been reported by 
several authors (revised in FO~SSNER et al. 1991, 1992, 
1994, 1995; S~MEK et al. 2000). However, the distribution 
of certain species found in the present study was clearly 
influenced by one particular factor, or by a combination 
of several environmental f ctors, indicating different eco- 
logical preferences ofthese species (cf. Table 3). Anyway, 
temperature, oxygen and pH seem to have only weak in- 
fluence on the distribution of most species, at least within 
the observed ranges. Especially for pH, this range was not 
very large in the investigated lakes, i. e. no acidic lake 
was involved. Hence, possible restrictions of certain spe- 
cies due to low pH values could not be studied. Higher 
concentrations of NH 4 seem to restrict he occurrence of 
many ciliate species in the actual akes. However, litera- 
ture data for such common species as HaIteria grandinel- 
Ia, Rimostrombidium spp. and Urotricha spp. indicate a 
tolerance of several milligrams NH 4 per litre (FoISSNER et 
al. 1991, 1994). A combination of several environmental 
factors influencing simultaneously the occurrence of cer- 
tain species is obviously responsible for such discrepan- 
cies. Total phosphorus- and chlorophyll-concentrations 
seem to influence mainly cell numbers, but not so much 
the species composition which shows only minor alterati- 
ons [cf. Figs. 2, 3 and 6 and MATHES & ANNDT (1994)]. 
However, some of the identified species occurred mainly 
in lakes with high phosphorus concentrations. These spe- 
cies are known to prefer nutrient-rich environments and 
are indicator organisms for highly eutrophic onditions 
(FoIssNER & BERCEa 1996; BERGEa et al. 1997). Hence, 
the hypertrophic state of the respective lakes is confirmed 
by their ciliate species composition. Low chlorophyll 
concentrations seem to restrict chiefly the occurrence of 
algivorous and omnivorous species (Table 3). These con- 
sumers of phytoplankton could simply be nutrient limited 
under low chlorophyll (= phytoplankton) concentrations. 
Different degrees of salinity were found to have strong ef- 
fects on the occurrence of many ciliate species. Several 
species occurred only in brackish waters demonstrating 
their restricted istribution i  saline environments. On the 
other hand, many freshwater species obviously can tole- 
rate high conductivity which is in agreement with litera- 
ture data (FoIssNER et al. 1991, 1992, 1994, 1995; MON- 
TACNES et al. 1999). 
Conclusions 
Environmental differences in freshwater habitats - at 
least within the range of lake trophy and morphology in- 
cluded in this paper - seem to influence mainly the 
quantity of pelagic ciliates, without significantly chan- 
ging the composition of the main species. Clear differen- 
ces in the composition of pelagic ciliate communities 
appeared only between freshwater and brackish water 
lakes. In these lakes, a mixture of common freshwater 
species and marine species formed a diverse ciliate com- 
munity. However, more detailed "eco-taxonomic" stu- 
dies should help to clarify remaining questions concer- 
ning the influence of environmental parameters on the 
composition of pelagic ciliate communities in the future. 
Further, future analyses should include oligotrophic 
lakes as well as large and deep waters, to eventually find 
more distinct and generally valid differences in their pe- 
lagic ciliate communities. 
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